To determine whether the effects of factors associated with the development of childhood (aged 6 years or younger) physical aggression were immediate (cross-sectional), sustained (longitudinal), or both.
A ggressive behaviour in young children (aged 6 years or younger) is a serious mental health issue with rates between 7% and 26% in epidemiologic samples from several countries. 1 Physical aggression is one form of externalizing problems characterized by threats or physical attacks on other children and adults and includes bullying or initiating physical fights that can cause harm to others. 2 While most children learn to regulate aggression at a young age, 3,4 17% of Canadian children in a representative sample followed a highly stable developmental trajectory of aggression. 3, 5 Young children who exhibit physical aggression are at increased risk for future juvenile delinquency, 6, 7 school grade retention, 8 adult criminality, and psychiatric disorders. 1 Many children experience comorbidities that place them at even greater risk for persistent externalizing problems 9 for which there are few effective interventions. 10 Numerous cross-sectional and longitudinal studies have identified multiple combinations of factors associated with aggression in young children.
Child Factors
Boys exhibit higher absolute levels of aggression than girls 11, 12 and these differences tend to remain stable throughout childhood. 3, 13 Sex differences 14 tend to emerge around 4 to 5 years of age, 15, 16 although examples of earlier emergence have been reported. 9, 17 Very low birth weight and preterm boys and girls who were small for gestational age were more likely than full term children to exhibit externalizing problems. 18, 19 There were no differences between healthy preterms and their full term counterparts. 20, 21 Together, these results suggest that the development of aggression may be mediated by neuromotor and intellectual delays more commonly found in very sick preterm children. 18 
Maternal Factors
Although difficult to extract from composite measures of socioeconomic status, 22 maternal education may influence the development of aggression directly, through lack of awareness of effective parenting, or indirectly, through unemployment, low paying jobs, and increased family stress that negatively influences parenting. 23 In studies that capture the direct effects of maternal education on aggression, results are mixed. Tremblay et al 24 found that lower maternal education was not associated with increased risk for aggression in a longitudinal sample (n = 504) of preschool children, while in another longitudinal sample (n = 1037) of boys aged between 6 and 15 years, researchers 25 reported that lower maternal education significantly increased the risk of aggression. Although maternal employment may affect the development of aggression through family income, 23 its effects may be a result of increased time in child care where competition for attention and play things may increase peer aggression. 26 Others found that mothers' employment was unrelated to their child's social behaviour at 15 and 36 months of age, and mothers who spent less time with their infants because of employment tended to compensate by focusing attention on the child and reducing time on other activities. 27 Maternal depression is associated with aggressive behaviours [28] [29] [30] and the risk pathways may differ for boys and girls. 31 Mothers who are depressed are less positive and less responsive in their interactions with their infants and young children. 28 These mothers may have a lower threshold for their children's misbehaviour and tend to exaggerate the severity of their children's behaviours. 32 Conversely, greater stress for mothers who are managing aggression 33 may compromise maternal sense of competence as a parent 34 and lead to depression. Using cross-lagged panel correlations, maternal depressive symptoms tended to precede aggression in a large, representative sample (n = 20 849) of Canadian children. 35 Positive and responsive early parenting is associated with optimal social development. 22, 28, 36 Supportive parenting (maternal warmth, proactive teaching, inductive discipline, and positive involvement) positively predicted social adjustment in pre-kindergarten and sixth grade children, and buffered the effects of poverty. 37 Similarly, as time spent in spontaneous mother-child play with 3-year-olds increased, externalizing problems 1 year later decreased. 38 While considerable variance remained unexplained, these results suggest that positive parenting may serve as a protective factor, preventing aggression, particularly in families with low income. In contrast, relations have been demonstrated between negative parenting practices and aggression, 24, 39, 40 although these results have not been consistent across studies. 41, 42 Exposure to violence in the home 43 or corporal punishment 40 predicted externalizing behaviours, especially aggression in young children. Linked to the concept of coercive control, hostile parenting may influence the child through patterns of negative reinforcement. 44 Cognitive social theory supports the notion that observation or experience of hostile parenting behaviours may result in vicarious learning of aggression, particularly for boys. 45 
Family Factors
In Canada, 20% of children live in lone-parent families. 46 Lone-parent mothers with children aged 18 years or younger are the most severely stressed parents and this stress is increasing over time. 46 High levels of stress may decrease positive parenting interactions and increase negative parenting behaviours. 23, 47 Negative and hostile sibling relationships are associated with the development of aggression. 48 Cognitive social theory suggests that aggression may develop from observing and imitating the behaviours of older siblings. However, increased aggression has been linked to the presence of a vulnerable younger sibling, who may be a target for aggression. 24 Others have reported higher levels of sibling aggression in lone-parent families. 49 Negative sibling relationships influence antisocial behaviour in adolescents, even after controlling for the presence of harsh parenting and previous aggressive behaviours. 50 The more frequently families experienced periods of low income, the higher the rate of externalizing behaviours. 3, 51 As social and economic deprivation increased, the use of punitive discipline and neglect increased resulting in higher rates of antisocial behaviour. 52 Warm, noncoercive parenting buffers the effects of low income 53 suggesting that family processes may mediate the development of aggression through perceived economic pressures, psychological distress, and depressive symptoms. 23, 54 Previously, many studies of childhood aggression were limited by the use of small sample sizes, limited predictors, population subsamples, and cross-sectional analyses. Studying a complex array of predictors and whether the effects of these factors are immediate or sustained in a large representative sample is important to support policy decisions about the specific targets and optimal timing for early interventions to prevent aggression. Given that aggression is not generally characteristic of infancy, previous studies have not considered the impact on aggression of factors that occur very early in the child's life. Thus there is a need for large population-based studies that examine the predictors of aggression from the time the child is born.
The objective of this study was to determine whether the effects of factors associated with the development of childhood (aged 6 years or younger) physical aggression were immediate (cross-sectional), sustained (longitudinal), or both. Simultaneously, the relation between aggression and child (sex, preterm birth), parent (education, employment, depressive symptoms, parenting style [positive interaction, hostile/ineffective parenting]), family (lone-parent, siblings, income adequacy), and time were examined. Time was operationalized as the data collection points: birth, 2, 4, and 6 years of age. Given that sex 11 and preterm birth 18, 19 are associated with aggression and do not vary over time, they were not included in longitudinal analyses, but were included in cross-sectional analyses. It was hypothesized that higher education and employment would be negatively related to aggression, and depressive symptoms would be positively related to aggression at time, but not across time. Given that parenting is related to social development, 24, 28, 36, 55 it was hypothesized that positive parenting interaction would be negatively related to aggression at time, and hostile/ineffective parenting would be positively related to aggression at time, but the effects of these predictors would not be sustained over time. That, it was expected that parenting would affect aggression only at the time that it was occurring, and this effect would not carry forward in time. Given the stresses associated with loneparent family structure, 23 it was hypothesized that this factor would be positively related to aggression at time, and these effects would not carry forward over time. Acknowledging the relation between younger siblings and aggression, 24 it was hypothesized that having younger, but not older, siblings would be positively related to aggression and that this effect would occur at time and carry forward across time.
Secondary research questions were: How stable is childhood aggression during early childhood? What are the characteristics of children who consistently exhibit high levels of aggressive behaviours and their families?
Methods and Analysis
A longitudinal subsample (n = 975) was selected from the Canadian National Longitudinal Survey of Children and Youth (NLSCY), which began in 1994 with a national cross-sectional sample of 22 831 from birth to age 11 years, representing 4 751 437 children. 56 Subsample inclusion criteria were: child born between December 1994 and April 1995 (Cycle 1), one singleton target child per household, complete data for all variables of interest for each cycle (1994, 1996, 1998, 2000 ; Cycle 4 re-release March 2005), mother aged over 18 years who responded in all 4 cycles, and child's birth date and sex consistent across cycles. Only mother respondents were selected to ensure homogeneity of the sample and because their parenting is more consistently associated with social development. 42 The response rate for the longitudinal sample was 84.53%. The study was approved by the Calgary Conjoint Health Research Ethics Board. Access to the micro data files for secondary analyses was approved by Statistics Canada and the Social Sciences and Humanities Research Council Data Liberation Initiative. Analyses were conducted at a secure research facility.
Longitudinal weights applied to the descriptive demographic analyses corrected for attrition, although loss of cases may have introduced some bias. There were no statistically significant differences on age, education, and employment between mothers who were included in the study and those who were excluded. On average, mothers were aged 29.4 years (SD 0.22) at Cycle 1. The NLSCY sample was similar to the Canadian population, except that there were slightly fewer foreign-born mothers ( Table 1) . 46 For a detailed description of the psychometric properties and coding categories for measures, and sociodemographic variables see Table 2 . Given that all scales were extremely skewed and transformations were ineffective, scores were dichotomized. Typically, scale scores are dichotomized at clinically useful cut-offs. Adapting scales for the NLSCY invalidated the original cut-offs. To determine new cut-offs, scale scores were dichotomized at natural breaks in the data, which fell at about the top 20th percentile. It is likely that this cut-off provides an overestimate of clinical cases. Prior to dichotomizing the aggression scale, a very small number of cases with scores of 3 SD or more above the mean were identified. These cases were not out-of-range values and were included in analyses because of their clinical significance.
Files from Cycles 1 through 4 of the NLSCY were linked using a unique person identifier. 57 The NLSCY uses a complex sampling design where each child is assigned a weight to represent his or her contribution to the total population. 56 To draw correct conclusions about the population, the recommended longitudinal and probability sampling weights were applied to the descriptive statistics. Logistic panel regression was used for multivariate analyses. Both random-and fixed-effects models were run. Fixed-effects models in STATA SE Version 8.2 (StataCorp; College Station, TX) cannot be weighted. To allow comparison between the random-and fixed-effects models, the logistic panel regressions were not weighted.
The random-effects model (n = 975) was computed to simultaneously specify the weighted combination of immediate (between effects) and sustained (fixed effects) predictors on aggression. That is, the random-effects model shows the combined effects of the predictors on aggression at the time they were occurring, as well as across time. Next, a fixed-effects model was computed to show the sustained effects of the predictors across time (birth, 2, 4, and 6 years of age). Given that fixed-effects models can include only those cases where there is change in the aggression scores, the fixed-effects sample was 356. Time invariant factors (sex and preterm birth) were automatically excluded from the fixed-effects model.
Dichotomous scores prevented the direct calculation of the immediate-or between-effects model, which would have shown the effects of the predictors at the time they were occurring. The Hausman test, used to determine the equality of the between-effects and fixed-effects coefficients, could not be calculated and coefficients were assumed to be unequal. References to immediate effects (between effects) should be treated with caution as they are based on the observed difference between the weighted combination of immediate and sustained effects (random-effects model) and the sustained effects (fixed-effects model). Note that logistic panel regression coefficients are not interpreted in the same way as coefficients in ordinary least squares regression. There is nothing equivalent to a standardized coefficient or an R 2 measure of fit in logistic panel regression. To simplify interpretation, only significance of the test is interpreted with no reference to the strength of the effects. Significance was set at P < 0.01. Based on the literature, it was anticipated that there would be interaction effects; none were found.
Results
Controlling for other variables in the random-effects model, mothers who reported hostile/ineffective parenting were significantly more likely to report aggression in their children (Table 3 ). Examining the random-and fixed-effects models together suggests that hostile/ineffective parenting has an immediate effect, and that effect is sustained up to age 6 years. That is, if a mother reports hostile/ineffective parenting only once in the child's lifetime, that episode has an impact on aggression at the time it occurred and the impact carries forward in time at least until 6 years of age. Similarly, living in a lone-parent family has immediate and sustained effects on aggression. Being a boy and having older and younger siblings contributed significantly to the randomeffects model. However, in the fixed-effects model, having older siblings shows no significant effect, suggesting an immediate effect. Regarding younger siblings, both the random-and fixed-effects models show a significant effect. However, the effect is much smaller in the random-effects model, suggesting that for children who are aggressive at any time point, the presence of younger siblings may have a greater immediate than sustained effect. Maternal education was a significant predictor in the fixed-effects model, but not in the random-effects model, suggesting that lower maternal education had a sustained effect on aggression. Preterm birth, maternal employment, depressive symptoms, positive interaction, and family income failed to significantly predict either immediate effects or sustained effects on aggression.
The stability of aggression at each of the time points is summarized in Table 4 . When children were aggressive at a single time point, they were more often aggressive at an earlier age. physically attacks people; threatens people; is cruel, bullies, or is mean to others; and kicks, bites, or hits other children. Theoretical range 0 to 12; higher score indicates more physical aggression. Cronbach's a = 0.75 for 2-to 3-year-olds and 0.77 for 4-to 11-year-olds. No physical aggression measure for Cycle 1 as behaviour items related to feeding and sleeping patterns. Due to differences in developmentally appropriate items over time, a standardized score was used to achieve common metric across time. Dichotomized standardized score was used. Cut point = top 20th percentile.
Sex of child
· Males coded as 1 using sex of child from Cycle 4.
Healthy at birth
· Full term coded 1 as birth at 37 weeks gestation or greater.
Mother's education · Grade 12 or less coded 0; more than grade 12 coded 1.
Mother's full-time employment · Full-time employment coded 1 (yes).
Mother's part-time employment
· Part-time employment coded 1 (yes).
Mother's depressive symptoms
· Twelve-item measure adapted from Center for Epidemiological Studies Depression scale 61 to capture presence and severity of depression symptoms in the past week. Theoretical range 0 to 36; higher score indicates more depressive symptoms. Cronbach a = 0.82 (57) . Dichotomized derived scale score was used; cut point = top 20th percentile.
Positive parenting interaction
· Five-item measure adapted from Parenting Practices Scales 62 designed to measure the frequency with which the parent praised the child, played with them, talked to them, and spent time with them. Theoretical range 0 to 20; higher score indicates more positive interaction. Cronbach a = 0.81. 57 Dichotomized derived scale score was used; cut point = top 20th percentile.
Hostile parenting · Seven-item measure adapted from Parenting Practices Scales 62 designed to measure the frequency that the parent gets annoyed with the child for disobedience, offers little praise, uses high levels of disapproval when talking to the child, gets angry when punishing the child, punishment depends on parent's mood, and disciplines repeatedly for the same thing. Theoretical range varies with number of items at each age; higher score indicates more hostile parenting practices. Cronbach a = 0.70. 57 Dichotomized derived scale score was used; cut point = top 20th percentile.
Lone-parent family · Lone-parent coded 1 (yes).
Number of older and younger siblings
· Includes full, half, step, adopted, and foster siblings of all ages living in the household.
Family income adequacy
· Computed variable based on family income and size. Lowest and lower middle income were recoded to zero to indicate inadequate income. Middle, upper middle, and highest income were recoded to 1 to indicate adequate income.
living in lone-parent households; 87% had at least one older sibling; 26% had at least one younger sibling.
Discussion
This is the first study to demonstrate, simultaneously, the cross-sectional and longitudinal effects of early parenting on the development of aggression, giving even stronger evidence on which to base early and preventative interventions. In this study using a representative Canadian sample of children between birth and age 6 years, hostile/ineffective parenting had an immediate effect on child aggression at any time that it occurred during the child's development, and this effect was sustained over time up to 6 years of age. This result builds on the work of others who have found that negative parenting practices have an effect on the development of aggression, 3, 42, [58] [59] [60] but also goes beyond previous work by including a time factor. In this study, negative parenting practices demonstrate effects on childhood aggression beginning in infancy, before childhood aggression can be measured. The early and sustained effects of negative parenting practices on aggression are of grave concern. Typically, parents do not present for assessment or intervention until the child's aggressive behaviours become difficult to manage. Given that aggression is not generally characteristic of infancy, previous studies have not considered the impact on aggression of factors that occur very early in the child's life. The results of our study suggest that support for early parenting may be critical to prevent aggression.
The results of this study provide an interesting comparison to those of Rothbaum and Weisz's 42 metaanalysis where a pattern of both positive and negative parenting behaviours (approval, guidance, motivational strategies, synchrony, and coercive control) were associated with externalizing problems. Given that positive parenting interaction was not a significant predictor in this study, negative parenting patterns may have a stronger effect on the development of aggression than any of the positive parenting patterns reported in the meta-analysis.
There are several possible explanations for hostile/ ineffective parenting as a predictor of childhood aggression. For boys, developmental trajectories that included emotional dysregulation have been predicted by rejecting and coercive parenting. 61 Emotional dysregulation at 9 months of age was associated with development of conduct disorder at age 5 and 8 years. 61 From the perspective of cognitive social theory, young children exposed to negative parenting may model the negative cognitions and aggression of their mothers. 62 Analyses from this study do not explain whether the effects of hostile/ineffective parenting on aggression are direct through observational learning, indirect through a negative emotional environment, or a combination of both. Alternatively, hostile/ineffective parenting may be a proxy for negative parental attributions of the child, with subsequent reporting of higher rates of problem behaviours. 63 Parental attributions may be influenced by cultural values 64 that were not measured in our study. Given the model did not fully predict aggression, it is clear that responsibility for the development of aggression in children cannot be attributed solely to parenting.
Being a boy contributed significantly to aggression in the random-effects model. This finding is consistent with reports from other epidemiologic samples of preschool children. 3, 11, 24, 65, 66 In a bivariate analysis of a large sample of children between the ages of 17 and 42 months, boys were more likely than girls to be physically aggressive. 24 However, sex was not a significant predictor once other independent variables were controlled for in their regression model. 24 Failure of other studies to find a sex effect on behaviours may be related to small sample sizes. 16, 21 Maternal education failed to contribute to aggression in the random-effects model, but contributed significantly to aggression in the fixed-effects model. This implies that level of maternal education impacts the development of aggression as the child ages. This result is somewhat inconsistent with Tremblay et al 24 who reported that low maternal education was not a significant predictor of aggression in their logic regression model, but showed a significant difference in the bivariate relation between maternal education and aggression. In a later study using logistic regression with the NLSCY data, maternal education contributed significantly to the model. 3 Maternal employment did not contribute to aggression in either the random-or fixed-effects models. In the past, maternal employment has been used as a proxy for time spent with the child, under the assumption that more maternal time with the child results in more optimal development. In recent research, maternal time engaged with the child predicted cognitive and language outcomes, but not aggression. 54 It may be that maternal employment has an effect on aggression, mediated by reduced economic pressures and family stress, 23, 54 concepts not measured in this study.
Living in a lone-parent family has an effect on aggression at the time the child is living in the lone-parent family, and this effect carries forward in time, even if the child moves into a 2-parent family. Moving in and out of lone-parent status may result in changes to family income and other stressors that may affect parenting. The effect of lone-parent status on aggression may be through the use of nonparental care in child care centres where there is increased competition for resources, such as toys and caregiver attention. 26 Alternatively, children in nonparental care settings may be exposed to the aggressive behaviours of other children and learn aggression vicariously through observation.
The effects of siblings in the household were mixed depending on whether the siblings were younger or older. The presence of younger siblings had an effect on aggression at the time it was measured, and the effect was carried forward in time until the child was 6 years of age. This finding is consistent with Tremblay et al 24 who suggested that older siblings tend to be more physically aggressive towards younger siblings during early childhood as they are an accessible target. In another study, both older and younger siblings were as likely to escalate conflict from protest to physical aggression. 67 In this study, the presence of older siblings in the household had an effect at the time the aggression was occurring, but this effect did not carry forward in time. The failure of the carry forward effect may be related to older siblings becoming less aggressive as they learn to regulate their social behaviours. 3 It is unknown if the older siblings in the household were exhibiting aggressive behaviours. If so, social learning theory may explain the cross-sectional influences of older siblings on aggression.
Adequacy of family income did not contribute significantly to either of the models. These results are consistent with an early metaanalysis of cross-sectional studies using nonclinical samples. 42 In a NLSCY cross-sectional sample of older children (aged 4 to 11 years), family socioeconomic status within neighbourhoods was a predictor of child behaviour problems, including aggression, inattention, hyperactivity, depression, and anxiety. 68 It may be that family income is a better predictor of a constellation of behavioural problems rather than aggression alone, or that income becomes more important as the child gets older.
Two-thirds of the children in our study exhibited stable aggression up to age 6 years: 4% were always aggressive, 33% were aggressive once or twice, and 64% were never aggressive. There are 2 competing mechanisms underlying Aggressive at all cycles 4
Note: Does not total 100% owing to rounding patterns of stability and change in child developmental processes. First, mechanisms that influence development may be random factors in the child's environment, leading one to expect instability in individual differences over time. 69 If the development of childhood aggression is random, then it would be difficult to anticipate developmental trajectories without detailed knowledge of the family. Because family factors would be assumed to be random, predicting child developmental trajectories would be nearly impossible. The second mechanism assumes that children play an active role in shaping their environment. As a consequence, environmental factors that influence developmental trajectories are, in part, influenced by the child. That is to say, hostile/ineffective parenting and children's aggression are continually and mutually influencing one another. Over time, these behaviours become increasingly interwoven within strongly established patterns and stable expectations of the interaction. If the context of the child's environment is stable over time, and the child influences the environment in a systematic way, the result will be greater stability of developmental trajectories. Mothers who reported stable high aggression for their child were a heterogeneous group on the variables measured, and not unlike other Canadian families. 46 Limitations of this study include the use of single informants. Future studies need to include researcher observations to complement parent reports. Given qualitative differences in development, measurement in longitudinal studies is challenging. Standardizing aggression scores, as was done in this study, is not the perfect solution. Finally, while useful to understand the predictors, regression models do not explain the underlying mechanisms that would assist to design programs and services to prevent physical aggression.
Conclusions
Early parenting may be an optimal target for early intervention to prevent or treat aggression as it is more amenable to intervention than the other significant predictors, such as being a boy, maternal education, lone parenting, and presence of siblings. Interventions addressing parenting can certainly address issues related to lone parenting and sibling relations. Future studies need to include additional predictors, such as nonparental child care, 70 child maltreatment, 71 and neighbourhood. 30 Structural equation modelling approaches such as those undertaken by others 23, 54 need to be replicated with the addition of time variables.
Résumé : Les effets immédiats et soutenus du rôle de parent dans l'agression physique chez les enfants canadiens de 6 ans et moins
Objectif : Déterminer si les effets des facteurs associés au développement de l'agression physique chez l'enfant (âgé de 6 ans et moins) étaient immédiats (transversaux), soutenus (longitudinaux), ou les deux. Résultats : Le rôle de parent hostile/inefficace contribuait significativement à expliquer la variance de l'agression. À chaque moment de la mesure (à la naissance, et à 2, 4, et 6 ans), un changement du rôle de parent hostile/inefficace avait un effet sur l'agression, et cet effet était reporté dans le temps jusqu'à 6 ans. Être un garçon, avoir une mère moins instruite, vivre dans une famille monoparentale avec des frères et soeurs contribuaient également significativement à l'agression. La naissance prématurée, l'emploi maternel, les symptômes dépressifs, l'interaction positive, et le revenu ne contribuaient pas significativement à l'agression.
Méthodes

Conclusions :
Ces résultats confirment l'hypothèse selon laquelle le rôle de parent hostile/inefficace a un effet immédiat sur l'agression. Contrairement aux prédictions qu'il n'ait un effet immédiat qu'au moment où il se produisait, le rôle de parent hostile/inefficace avait un effet soutenu sur l'agression qui était reporté dans le temps jusqu'à 6 ans. Les résultats suggèrent que le rôle de parent hostile/inefficace a un effet sur l'agression avant toute manifestation de comportement agressif chez l'enfant.
